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OBJECT DETECTION APPARATUS AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2012-
196688 filed on Sep. 6, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

The technique disclosed in the embodiment is related to a
technique for detecting an object.

BACKGROUND

In these years, laser radar devices are more and more used
for monitoring the surroundings of vehicles, buildings, and
the like, and especially laser radar devices capable of per-
forming wide angle scanning using two-dimensional scan-
ners are gaining in popularity. In addition, in order to support
operation and parking of a vehicle, a system that includes a
plurality of laser radar devices mounted on the vehicle and
that monitors all the surroundings of the vehicle has been
proposed.

As an example of the related art, a technique has been
disclosed in which a control unit that controls light-emitting
timings of light-emitting sources in such a way as to provide
light-emitting periods in which light is emitted to target space
and off periods in which light is not emitted controls the
light-emitting timings such that the light-emitting periods of
the light-emitting sources of detection devices do not overlap.
In addition, a technique has been disclosed in which it is
determined that there is an obstacle only when the obstacle
has been detected by at least two of four units, that is, a pair of
laser light-emitting units and a pair of ultrasonic wave trans-
mission units, provided on the front (or the back) of a vehicle
in substantially the traveling direction of the vehicle. For
example, these techniques are disclosed in Japanese Laid-
open Patent Publication No. 2006-300616 and Japanese Laid-
open Patent Publication No. 03-164345

SUMMARY

According to an aspect of the invention, an object detection
apparatus includes: a first radar configured to measure first
positional information regarding a first object existing in a
first scan range on the basis of first reflected wave of first wave
radiated onto the first scan range including a first region; a
second radar configured to measure second positional infor-
mation regarding a second object existing in a second scan
range on the basis of second reflected wave of second wave
radiated onto the second scan range including the first region
and a second region, which is located outside the first scan
range, the second wave being radiated in such a way as to scan
the first region in a direction opposite a direction in which the
first radar radiates the first wave at a timing at which the first
radar scans the first region; and a processor configured to
detect a third object existing in the first region on the basis of
the first positional information obtained from the first radar
and the second positional information obtained from the sec-
ond radar.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.
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It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating an object detection appa-
ratus according to an embodiment;

FIG. 2 is a diagram illustrating an example of detection of
an object around a vehicle;

FIG. 3 is a block diagram illustrating an example of the
hardware configuration of the object detection apparatus;

FIG. 4 is a block diagram illustrating an example of the
hardware configuration of a laser radar device;

FIG. 5 is a diagram illustrating an example of the operation
of the laser radar device;

FIG. 6 is a diagram illustrating an example of the scanning
order of the laser radar device;

FIG. 7 is a diagram illustrating a specific example of a
result of measurement performed by the laser radar device;

FIG. 8 is a diagram illustrating a specific example of a
device information table;

FIG. 9 is a diagram illustrating a specific example of an
overlap region table;

FIG. 10 is a block diagram illustrating an example of the
functional configuration of a control device;

FIG. 11 is a diagram illustrating an example of a determi-
nation of results of measurement for each frame;

FIG. 12 is a diagram illustrating an example of objects
existing around the vehicle;

FIG. 13 is a flowchart illustrating an example of a detection
processing procedure performed by the control device; and

FIG. 14 is a flowchart illustrating an example of a specific
processing procedure of a process for determining an actually
existing object.

DESCRIPTION OF EMBODIMENTS

Technical Problem

If a plurality of laser radar devices are used for monitoring
the surroundings of a vehicle, a building, or the like in an
example of the related art, an object might be erroneously
detected when a certain laser radar device has received
reflected light of laser light emitted from another laser radar
device. For example, an object that does not actually exist
might be erroneously detected when a laser radar device
mounted on the left of a vehicle has received reflected light of
laser light emitted by a laser radar device mounted on the
front of the vehicle.

In an aspect, an object of the technique disclosed in the
embodiment is to avoid erroneous detection of an object.

An object detection apparatus, an object detection pro-
gram, and a vehicle according to an embodiment will be
described in detail hereinafter with reference to the accom-
panying drawings.

Object Detection Apparatus According To
Embodiment

FIG. 1 is a diagram illustrating the object detection appa-
ratus according to the embodiment. In FIG. 1, an object
detection apparatus 100 is a computer system that detects an
object existing around a vehicle, a building, or the like. The
vehicle may be transportation such as, for example, a car, an
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electric train, a train, or a motorcycle. The building may be a
structure such as an office building, a house, or a warehouse.

With reference to FIG. 1, an example in which the object
detection apparatus 100 detects an object existing around a
vehicle V will be described. The object detection apparatus
100 includes a control device 101 and laser radar devices M1,
M2, M3, and M4. In the object detection apparatus 100, the
control device 101 is connected to the laser radar devices M1
to M4 by a wired or wireless network.

The control device 101 is a computer that detects an object
on the basis of results of measurement performed by the laser
radar devices M1 to M4. The laser radar devices M1 to M4 are
measuring devices that measure positional information
regarding an object by scanning their respective scan ranges
while intermittently emitting laser light (so-called pulse
emission) and receiving reflected laser light.

More specifically, for example, the laser radar devices M1
to M4 scan the scan ranges while emitting pulses of laser light
at the same time intervals At or the same angular intervals AB.
The time intervals At are time intervals at which laser light is
emitted. The angular intervals AO indicate an angle (for
example, a horizontal angle) between the direction of emis-
sion of laser light and the direction of next emission of laser
light.

The laser radar devices M1 to M4 may each measure the
distance to an object and the direction of the object on the
basis of the time taken until reflected light is received after
laser light is emitted and the emission direction of the laser
light. The laser light is light amplified by stimulated emission,
and has desirable directivity and convergence.

Laser light is generated by, for example, a laser oscillator
that generates coherent light by amplifying light (electromag-
netic wave). A scan range is a range in which scanning is
performed using laser light. Scanning is to change the emis-
sion direction of laser light in a scan range. A specific example
of the operation of the laser radar devices M1 to M4 will be
described later with reference to FIG. 5.

In the example illustrated in FIG. 1, the laser radar device
M1 is mounted on the front of the vehicle V, the laser radar
device M2 is mounted on the right of the vehicle V, the laser
radar device M3 is mounted on the back of the vehicle V, and
the laser radar device M4 is mounted on the left of the vehicle
V. The laser radar devices M1 to M4 are mounted on the
vehicle V such that the relative positions of the laser radar
devices M1 to M4 do not change.

In addition, the scan ranges of the laser radar devices M1 to
M4 may be arbitrarily set. More specifically, for example,
horizontal and vertical scan ranges are set to each of the laser
radar devices M1 to M4 such that objects existing in all the
surroundings of the vehicle V may be detected. The scan
ranges of the laser radar devices M1 to M4 may be set in
advance, or an operator may set the scan ranges of the laser
radar devices M1 to M4 after mounting the laser radar devices
M1 to M4 on the vehicle V.

In the example illustrated in FIG. 1, for example, a scan
range of “-80 [deg.] to +80 [deg.]” is set to the laser radar
device M1 as the horizontal scan range. It is assumed, how-
ever, that the traveling direction of the vehicle V is O [deg.],
and the left to a light source (for example, a light-emitting unit
420 illustrated in FIG. 4, which will be described later) of the
laser radar device M1 is a negative direction and the right to
the light source is a positive direction.

In addition, for example, a scan range of “~80 [deg.] to +80
[deg.]” is set to the laser radar device M2 as the horizontal
scan range. It is assumed, however, that a rightward direction
perpendicular to the traveling direction of the vehicle V is 0
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[deg.], and the left to a light source of the laser radar device
M2 is a negative direction and the right to the light source is
a positive direction.

In addition, for example, a scan range of “~80 [deg.] to +80
[deg.]” is set to the laser radar device M3 as the horizontal
scan range. It is assumed, however, that a direction opposite
the traveling direction of the vehicle V is 0 [deg. ], and the left
to a light source of the laser radar device M3 is a negative
direction and the right to the light source is a positive direc-
tion.

In addition, for example, a scan range of “~80 [deg.] to +80
[deg.]” is set to the laser radar device M4 as the horizontal
scan range. It is assumed, however, that a leftward direction
perpendicular to the traveling direction of the vehicle V is O
[deg.], and the left to a light source of the laser radar device
M4 is a negative direction and the right to the light source is
a positive direction.

Thus, by performing wide-angle scanning in a horizontal
direction using laser light emitted from the laser radar devices
M1 to M4, blind spots around the vehicle V, in which it is
difficult for the object detection apparatus 100 to detect an
object, may be reduced. As with the horizontal direction, by
performing wide-angle scanning in a vertical direction using
laser light emitted from the laser radar devices M1 to M4,
blind spots around the vehicle V, in which it is difficult for the
object detection apparatus 100 to detect an object, may be
reduced.

The laser radar devices M1 to M4 receive all reflected light
within their respective scan ranges. For this reason, when the
laser radar devices M1 to M4 perform wide-angle scanning to
reduce the blind spots around the vehicle V, radiation ranges
in which laser light is radiated, that is, measurement ranges in
which positional information regarding an object is mea-
sured, may overlap between the laser radar devices M1, M2,
M3, and M4.

In the example illustrated in FIG. 1, there is an overlap
region A between a radiation range 111 of the laser light of the
laser radar device M1 and a radiation range 114 of the laser
light of the laser radar device M4. In addition, there is an
overlap region B between the radiation range 111 of the laser
light of the laser radar device M1 and a radiation range 112 of
the laser light of the laser radar device M2.

In addition, there is an overlap region C between the radia-
tion range 112 of the laser light of the laser radar device M2
and a radiation range 113 of the laser light of the laser radar
device M3. In addition, there is an overlap region D between
the radiation range 113 of the laser light of the laser radar
device M3 and the radiation range 114 of the laser light of the
laser radar device M4.

Therefore, for example, when there is an object in the
overlap region A, reflected light of the laser light radiated by
the laser radar device M1 onto the object in the overlap region
A might be received not only by the laser radar device M1 but
also by the laser radar device M4. At this time, if the direction
in which the laser radar device M4 radiates laser light is
different from the direction of the overlap region A (for
example, the direction of the overlap region D), an object
might be erroneously detected in a region different from the
overlap region A (for example, the overlap region D).

It is possible to mount a plurality of sensors of different
types for detecting objects around the vehicle V in order to
avoid erroneous detection of an object in a region such as the
overlap region A. When sensors of different types are used,
however, cost and the area occupied by the sensors undesir-
ably increase compared to when sensors of the same type are
used. In addition, it is possible to integrate a light-emitting
unitand a light-receiving unit of each sensor in order to match
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the emission direction and a light-receiving direction, so that
each sensor may receive only reflected light from the emis-
sion direction. In this case, however, the area occupied by a
driving unit that drives the light-emitting unit and the light-
receiving unit undesirably increases.

Therefore, in the present embodiment, the object detection
apparatus 100 causes the laser radar devices M1 to M4
mounted on the vehicle V to emit pulses of laser light such
that timings (periods) at which adjacent laser radar devices
scan the same overlap region match. The object detection
apparatus 100 then detects an object existing in the overlap
region between the adjacent laser radar devices on the basis of
results of measurement performed by the adjacent laser radar
devices.

More specifically, for example, the laser radar device M4
scans the scan range thereof in a direction opposite the scan-
ning direction of the laser radar device M1 such that a timing
at which the laser radar device M4 scans the overlap region A
matches with a timing at which the laser radar device M1
scans the overlap region A. In this case, the control device 101
detects an object existing in the overlap region A on the basis
of a result of measurement performed by the laser radar
device M1 and a result of measurement performed by the
laser radar device M4.

More specifically, for example, the operator sets the scan-
ning direction of the laser radar device M4 to be opposite the
scanning direction of the laser radar device M1. In addition,
the operator sets the intervals (for example, the time intervals
At and the angular intervals A8) at which the laser radar device
M4 emits laser light such that the timing at which the laser
radar device M4 scans the overlap region A matches with the
timing at which the laser radar device M1 scans the overlap
region A.

Alternatively, the operator may input setting information
regarding the scanning direction and the emission intervals of
the laser radar device M1 and the like to the control device
101. In this case, the control device 101 may set the scanning
direction and the emission intervals of the laser radar device
M1 and the like in accordance with the input setting informa-
tion.

In addition, for example, the laser radar device M2 scans
the scan range thereof in a direction opposite the scanning
direction of the laser radar device M1 such that a timing at
which the laser radar device M2 scans the overlap region B
matches with a timing at which the laser radar device M1
scans the overlap region B. In this case, the control device 101
detects an object existing in the overlap region B on the basis
of a result of measurement performed by the laser radar
device M1 and a result of measurement performed by the
laser radar device M2.

In addition, for example, the laser radar device M3 scans
the scan range thereof in a direction opposite the scanning
direction of the laser radar device M2 such that a timing at
which the laser radar device M3 scans the overlap region C
matches with a timing at which the laser radar device M2
scans the overlap region C. In this case, the control device 101
detects an object existing in the overlap region C on the basis
of a result of measurement performed by the laser radar
device M2 and a result of measurement performed by the
laser radar device M3.

Furthermore, for example, the laser radar device M3 scans
the scan range thereof in a direction opposite the scanning
direction of the laser radar device M4 such that a timing at
which the laser radar device M3 scans the overlap region D
matches with a timing at which the laser radar device M4
scans the overlap region D. In this case, the control device 101
detects an object existing in the overlap region D on the basis
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of a result of measurement performed by the laser radar
device M3 and a result of measurement performed by the
laser radar device M4.

Now, an example of detection of an object existing around
the vehicle V will be described.

FIG. 2 is a diagram illustrating an example of detection of
an object existing around the vehicle V. Here, an example of
detection of an object existing in the overlap region A will be
described while taking the laser radar devices M1 and M4
mounted on the vehicle V as an example.

(1) The control device 101 obtains a result 210 of measure-
ment performed by the laser radar device M1. In the example
illustrated in FIG. 2, the control device 101 determines from
the result 210 of the measurement performed by the laser
radar device M1 that objects 201 and 202 have been detected
in the overlap region A.

(2) The control device 101 obtains a result 220 of measure-
ment performed by the laser radar device M4. In the example
illustrated in FIG. 2, the control device 101 determines from
the result 220 of the measurement performed by the laser
radar device M4 that objects 203 and 204 have been detected
in the overlap region A. It is to be noted that the results 210
and 220 are obtained by the laser radar devices M1 and M4,
respectively, at the same timing.

(3) The control device 101 determines whether or not the
absolute coordinates of the objects (objects 201 and 202)
identified from the result 210 match with the absolute coor-
dinates of the objects (objects 203 and 204) identified from
the result 220. If the absolute coordinates of the objects
match, the control device 101 detects objects existing in the
overlap region A. The absolute coordinates are, for example,
a coordinate position represented by a distance from the cen-
ter of the vehicle V.

In the example illustrated in FIG. 2, the absolute coordi-
nates of the object 201 and the absolute coordinates of the
object 203 match. Therefore, the control device 101 detects
the object 201 (object 203) as an object existing in the overlap
region A. The object 202 is an object erroneously detected by
the laser radar device M1 by receiving reflected light that is
originally emitted from the laser radar device M4 and
reflected from the object 201 (object 203). The object 204 is
an object erroneously detected by the laser radar device M4
by receiving reflected light that is originally emitted from the
laser radar device M1 and reflected from the object 201 (ob-
ject 203).

Thus, according to the object detection apparatus 100, it is
possible to avoid erroneous detection of an object in an over-
lap region between adjacent two of the laser radar devices M1
to M4 mounted on the vehicle V. More specifically, for
example, the scan ranges of the laser radar devices M1 and
M4 may be scanned in opposite directions such that the tim-
ing at which the laser radar device M4 scans the overlap
region A matches with the timing at which the laser radar
device M1 scans the overlap region A.

In doing so, the laser radar devices M1 and M4 may inten-
tionally detect objects erroneously detected by receiving
reflected light of laser light emitted from the adjacent laser
radar devices in the overlap region A. As a result, by compar-
ing results of measurement of an overlap region between
adjacent laser radar devices, it is possible to determine that an
object detected by both the adjacent laser radar devices is an
actually existing object and objects other than the foregoing
object as erroneously detected objects.

In addition, by avoiding erroneous detection of an object in
the overlap regions between adjacent laser radar devices, the
laser radar devices M1 to M4 may perform scanning at wider
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angles using laser light and the blind spots around the vehicle
V may be reduced, thereby providing a safer monitoring
system.

Although a vehicle has been taken as an example of trans-
portation (moving body) to which the object detection appa-
ratus 100 is applied in the above description, the technique
disclosed herein is not limited to this. For example, the object
detection apparatus 100 may be applied to a moving body
such as an airplane, a helicopter, or a ship, for whose operator
there are blind spots. In addition, instead of the laser radar
devices M1 to M4, measuring devices that measure the dis-
tances to objects and the directions of the objects by radiating
ultrasonic waves and receiving reflected waves of the ultra-
sonic waves may be used.

(Example of Hardware Configuration of Object Detection
Apparatus 100)

FIG. 3 is a block diagram illustrating an example of the
hardware configuration of the object detection apparatus 100.
In FIG. 3, the object detection apparatus 100 includes the
control device 101 and laser radar devices M1 to Mn (nis a
natural number equal to or larger than 2; n=4 in the example
illustrated in FIG. 1). In the following description, an arbi-
trary one of the laser radar devices M1 to Mn may be referred
to as a “laser radar device Mi” (i=1, 2, . . ., or n).

The control device 101 includes a central processing unit
(CPU) 301, a memory 302, an interface (I/F) 303, and a
graphics display controller (GDC) 304. The components are
connected to one another by a bus 310.

The CPU 301 controls the entirety of the control device
101. The memory 302 includes, for example, a read-only
memory (ROM), a random-access memory (RAM), and a
flash ROM. More specifically, for example, the flash ROM
stores programs such as an operating system (OS) and firm-
ware, the ROM stores application programs, and the RAM is
used as a work area of the CPU 301. The programs stored in
the memory 302 cause the CPU 301 to execute coded pro-
cesses when loaded into the CPU 301.

The I/F 303 controls input and output of data to and from
external devices (for example, the laser radar devices M1 to
Mn). More specifically, for example, the I/F 303 is connected
to the wired or wireless network, and connected to the exter-
nal devices through the network. The I/F 303 serves as an
interface between the network and the inside of the control
device 101, and controls input and output of data to and from
the external devices.

The GDC 304 is a controller that performs a rendering
process for a display 320. According to the GDC 304, the
processing load on the CPU 301 caused by the rendering
process may be reduced. The display 320 may, for example,
be included in the object detection apparatus 100, or may be
mounted on an in-vehicle device such as a navigation device,
instead.

In addition to the above-described components, the object
detection apparatus 100 may include, for example, an input
device that inputs data such as characters, numbers, and vari-
ous instructions. Alternatively, among the above-described
components, the object detection apparatus 100 does not have
to include the GDC 304. Next, a specific example of the
hardware configuration of the laser radar device Mi will be
described.

FIG. 4 is a block diagram illustrating an example of the
hardware configuration of the laser radar device Mi. InFIG. 4,
the laser radar device Mi includes a control unit 410, the
light-emitting unit 420, and a light-receiving unit 430. The
control unit 410 controls the entirety of the laser radar device
Mi. The light-emitting unit 420 emits laser light. The light-
receiving unit 430 receives reflected light of the laser light.

10

20

25

30

40

45

50

55

60

65

8

More specifically, the control unit 410 includes a CPU 411,
a control circuit 412, a laser oscillation circuit 413, a beam
deflection element driving circuit 414, a light-receiving cir-
cuit 415, and a time measurement circuit 416. The light-
emitting unit 420 includes a mirror 421 and a laser 422. The
light-receiving unit 430 includes an avalanche photodiode
(APD) 431.

The CPU 411 controls the entirety of the control unit 410.
The control circuit 412 transmits timing signals of laser
pulses to the laser oscillation circuit 413 and a start signal to
the time measurement circuit 416 in accordance with the
control performed by the CPU 411. In addition, the control
circuit 412 transmits signals regarding scanning order to the
beam deflection element driving circuit 414 in synchroniza-
tion with the timing signals of laser pulses in order to drive the
mirror 421 of the light-emitting unit 420.

The laser 422 emits laser light. The laser light emitted from
the light-emitting unit 420 and reflected from an object (re-
flected light) is received by the light-receiving circuit 415
through the APD 431 of the light-receiving unit 430. Upon
receiving the reflected light, the light-receiving circuit 415
transmits a stop signal to the time measurement circuit 416.
The CPU 411 calculates a distance on the basis of a time
difference AT between the start signal and the stop signal of
laser pulses received by the time measurement circuit 416.

More specifically, for example, the CPU 411 may calculate
adistance Z to atarget (object) using the following expression
(1). Here, ¢ denotes the speed of light (for example, c=~300,
000 [kmy/s]).

Z=(exAD)2 (1)

(Example of Operation of Laser Radar Device Mi)

Next, a specific example of the operation of the laser radar
device Mi will be described. FIG. 5 is a diagram illustrating
an example of the operation of the laser radar device Mi. In
FIG. 5, the light-emitting unit 420 and the light-receiving unit
430 of the laser radar device Mi are illustrated. In the example
illustrated in FIG. 5, a near-infrared laser is used as the laser
422, and a combination between a microelectromechanical
systems (MEMS) mirror and a galvanometer mirror is used as
the mirror 421.

For example, the laser radar device Mi may horizontally
change the emission direction of laser light using the MEMS
mirror and vertically change the emission direction of laser
light using the galvanometer mirror, in order to realize a
two-dimensional scan range. Alternatively, the laser radar
device Mi may realize the two-dimensional scan range by
combining two MEMS mirrors or using a single MEMS
mirror with which two-dimensional scanning may be per-
formed.

The laser light emitted from the laser 422 is incident on the
mirror 421 through a collimator lens 501. The laser light
reflected from the mirror 421 is emitted from the light-emit-
ting unit 420 through a scanning angle increasing lens 502.
The laser light emitted from the light-emitting unit 420 is
reflected from a target 503, and then received by the APD 431
through a light-receiving lens 504 of the light-receiving unit
430.

(Example of Scanning Order of Laser Radar Device Mi)

Here, an example of the scanning order of the laser radar
device Mi will be described. FIG. 6 is a diagram illustrating
an example of the scanning order of the laser radar device Mi.
In FIG. 6, an example of scanning order in which the laser
radar device Mi scans the scan range thereofis illustrated. In
FIG. 6, each hollow circle represents one operation for emit-
ting laser light performed by the laser radar device Mi.
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More specifically, when scanning has begun and horizontal
scanning in a first row has been completed, the laser radar
device Mireturns to a right end while moving up to a next row,
and performs horizontal scanning in a second row. When
horizontal scanning in a k-th row has been completed, the
laser radar device Mi ends the scanning.

In the following description, a group of results obtained by
scanning the entirety of the scan range of the laser radar
device Mi may be referred to as “a result of measurement for
each frame”.

(Specific Example of Result of Measurement Performed
by Laser Radar Device Mi)

Next, a result of measurement performed by the laser radar
device Mi will be described. F1G. 7 is a diagram illustrating a
specific example of a result of measurement performed by the
laser radar device Mi. In FIG. 7, a result 700 of measurement
is information indicating a device identifier (ID), emission
angles (X,Y), and the distance 7.

Here, the device 1D is identification information regarding
the laser radar device Mi. The emission angles indicate the
emission direction of laser light, and represent a direction in
which a target exists relative to the laser radar device Mi. X
denotes the horizontal emission angle [deg.] of laser light, and
Y denotes the vertical emission angle [deg.] oflaser light. The
distance Z is a distance from the laser radar device Mi to the
target. The distance Z is, for example, a value calculated by
using the above expression (1).

According to the result 700 of measurement, it is possible
to identify a target located 3 m away from the laser radar
device M1 in a direction of emission angles (-50 [deg.], —15
[deg.]).

Alternatively, the result 700 of measurement may include
time information for identifying a time at which the result 700
of measurement has been obtained. The time information
indicates, for example, a time at which a start signal has been
received by the time measurement circuit 416 (refer to FIG. 4)
or a time at which a stop signal has been received by the time
measurement circuit 416. Alternatively, the result 700 of mea-
surement may include, instead of the distance Z, the time at
which a start signal has been received by the time measure-
ment circuit 416 and the time at which a stop signal has been
received by the time measurement circuit 416 or the time
difference AT.

(Specific Example of Device Information Table 800)

Next, a device information table 800 used by the control
device 101 will be described. The device information table
800 is, for example, stored in the memory 302 of the control
device 101 illustrated in FIG. 3.

FIG. 8 is a diagram illustrating a specific example of the
device information table 800. In FIG. 8, the device informa-
tion table 800 includes fields of device ID, mounted position,
adjacent device IDs, and overlap regions A to D. By setting
information in each field, device information 800-1 to 800-4
regarding the laser radar devices M1 to M4, respectively, is
stored as a record.

Here, the device 1D is identification information regarding
the laser radar device Mi. The mounted position is absolute
coordinates representing the coordinate position of the laser
radar device Mi mounted on the vehicle V relative to the
center of the vehicle V. The adjacent device IDs are identifi-
cation information regarding laser radar devices adjacent to
the laser radar device Mi, that is, laser radar devices whose
radiation regions overlap the radiation region of the laser
radar device Mi. The overlap regions A to D are information
for identifying overlap regions between the laser radar device
Mi and adjacent laser radar devices.
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For example, according to the device information 800-1,
the mounted position (sx1, sy1, sz1) of the laser radar device
M1 and the adjacent device IDs “M2, M4” regarding the laser
radar devices M2 and M4, which are located adjacent to the
laser radar device M1, may be identified. In addition, it may
be identified that the radiation region of the laser radar device
M1 and the radiation region of the laser radar device M4
overlap in the overlap region A. In addition, it may be iden-
tified that the radiation region of the laser radar device M1 and
the radiation region of the laser radar device M2 overlap in the
overlap region B.

(Overlap Region Table 900)

Next, an overlap region table 900 used by the control
device 101 will be described. The overlap region table 900 is,
for example, stored in the memory 302 of the control device
101.

FIG. 9 is a diagram illustrating a specific example of the
overlap region table 900. In FIG. 9, the overlap region table
900 includes fields of region ID, device IDs, horizontal angu-
lar range, and vertical angular range. By setting information
in each field, overlap region information 900-1 to 900-4
regarding the overlap regions A to D, respectively, is stored as
a record.

Here, the region ID is identification information regarding
an overlap region. The device IDs are identification informa-
tion regarding laser radar devices that share an overlap region.
The horizontal angular range indicates a horizontal angular
range relative to the laser radar device Mi in which an overlap
region exists. The vertical angular range indicates a vertical
angular range relative to the laser radar device Mi in which an
overlap region exists.

For example, according to the overlap region information
900-1, the device IDs “M1, M4” regarding laser radar devices
that share the overlap region A may be identified. In addition,
the horizontal angular range “01<60<2" and the vertical angu-
lar range “¢p1=¢=¢2” relative to the laser radar device M1 in
which the overlap region A exists may be identified. The
horizontal angular range “03<6<64" and the vertical angular
range “¢p3=p=¢4” relative to the laser radar device M4 in
which the overlap region A exists may be identified.

The overlap region information 900-1 to 900-4 may be
directly input to the control device 101 by an operation per-
formed by the operator, or may be created by the control
device 101 on the basis of the scan ranges of the laser radar
devices M1 to M4.

(Example of Functional Configuration of Control Device
101)

Next, an example of the functional configuration of the
control device 101 of the object detection apparatus 100 will
be described. FIG. 10 is a block diagram illustrating an
example of the functional configuration of the control device
101. In FIG. 10, the control device 101 includes an obtaining
unit 1001, a calculation unit 1002, a determination unit 1003,
a detection unit 1004, and an output unit 1005. The obtaining
unit 1001 to the output unit 1005 are functions that serve as
control units. More specifically, for example, the functions
are realized by causing the CPU 301 to execute the programs
stored in the memory 302 illustrated in FIG. 3 or by the I/'F
303. Results of processing performed by these function units
are, for example, stored in the memory 302.

In the following description, a laser radar device adjacent
to the laser radar device Mimay be referred to as a “laser radar
device Mj” (i#j and j=1, 2, . . ., or n). An overlap region in
which the radiation region of the laser radar device Mi and the
radiation region of the laser radar device Mj may be referred
to as an “overlap region R;”.
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The obtaining unit 1001 has a function of obtaining a result
Fi of measurement performed by the laser radar device Mi
from the laser radar device Mi. The result Fi includes posi-
tional information regarding an object measured by the laser
radar device Mi. The positional information regarding an
object is, for example, information indicating the direction
(the horizontal angle X and the vertical angle Y) of the object
and the distance Z to the object from the laser radar device Mi.
The result Fi is, for example, the result 700 illustrated in FIG.
7.

More specifically, for example, the obtaining unit 1001
obtains the result Fi transmitted from the laser radar device
Mi each time the laser radar device Mi obtains the result Fi.
When the positional information regarding an object has not
been obtained by the laser radar device Mi, the result Fi is
information indicating that an object has not been detected.

The calculation unit 1002 has a function of calculating a
coordinate position Li of an object on the basis of the result Fi
obtained by the laser radar device Mi. Here, the coordinate
position Li of an object is, for example, absolute coordinates
indicating a distance from an origin to the object in a spatial
coordinate system (three-dimensional Cartesian coordinate
system) defined by a dX axis (horizontal angle), a dY axis
(vertical angle), and a dZ angle (distance).

For example, in the case of the laser radar device Mi
mounted on the front of the vehicle V, the origin (0, 0, 0) in the
spatial coordinate system is the center of the vehicle V. The
dX axis of the spatial coordinate system is, for example, a
rightward axis passing through the origin and perpendicular
to the traveling direction of the vehicle V. The dY axis of the
spatial coordinate system is, for example, a vertical axis pass-
ing through the origin. The dZ axis of the spatial coordinate
system is, for example, an axis in the traveling direction
passing through the origin. The dX axis and the dY axis
change depending on the direction (forward, backward, right-
ward, or leftward) of the laser radar device Mi.

More specifically, for example, first, the calculation unit
1002 corrects the coordinates of the result Fi of the measure-
ment from the mounted position of the laser radar device Mi
to the origin (the center of the vehicle V) using the following
expressions (2), (3), and (4). Here, (X [deg.],Y [deg.], Z [m])
indicates the direction (the horizontal angle Z and the vertical
angleY) of an object and the distance Z to the object identified
from the result Fi of the measurement performed by the laser
radar device Mi. (sx [m], sy [m], sz [m]) indicates the
mounted position of the laser radar device Mi. (x' [m], ¥' [m],
7' [m]) indicates coordinates obtained as a result of the cor-
rection.

x'=Z-cos Y-sin X+sx

@

y'=Z-cos Y-sin Y+sy 3)

z'=Z-cos Y-cos X+sz

Q)

Next, the calculation unit 1002 calculates the absolute
coordinates of the object using the following expressions (5),
(6), and (7). Here, (dX [deg.], dY [deg.], dZ [m]) is the
absolute coordinates of the object relative to the origin, which
is the center of the vehicle V.

dX=arctan(xz") ®

dY=arctan(y’/z") (6)

dZ=z"/{cos(dX)-cos(dY)} 7

Now, the mounted position (sx1, sy1, sz1) of the laser radar
device M1 is assumed to be (0, 0, 2), and an example of
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calculation of the absolute coordinates of an object will be
described while taking the result 700 illustrated in FIG. 7 as
an example.

First, the calculation unit 1002 substitutes “(X, Y, Z)=(-50,
-15,3)” indicated by the result 700 for the above expressions
(2) to (4) in order to calculate the coordinates (X', y', z')
obtained as a result of the correction. Results of the calcula-
tion are as follows.

x'=3-cos(-15)-sin(-50)+0=-2.22 [m]
y'=3-cos(-50)-sin(-15)+0=-0.50 [m]

z'=3-cos(-15)-cos(-50)+2=3.86 [m]

The calculation unit 1002 then substitutes “(x', y', z')=(-
2.22, -0.50, 3.86)”, which are the coordinates obtained as a
result of the correction, for the above expressions (5) to (7) in
order to calculate the absolute coordinates (dX, dY, dZ) of the
object. Results of the calculation are as follows.

dX=arctan(-2.22/3.86)=-29.90 [deg.]
dY=arctan(-0.50/3.86)=—7.38 [deg.]

dZ=3.86/{cos(-29.90)-cos(-7.38)}=4.49 [m]

When the forward direction of the vehicle V is assumed to
be 0 [deg.] and the angle is assumed to increase up to 360
[deg.] in clockwise rotation, for example, dX=360-
29.90=330.1 [deg.] (the absolute coordinates relative to the
center of the vehicle V are X=330.1 [deg.], Y=-7.38 [deg.],
and 7=4.49 [m]).

Now, an example of calculation of the absolute coordinates
of the object will be described while assuming the mounted
position (sx4, sy4, sz4) of the laser radar device M4 to be (1,
0.5, 1) and a result F4 of measurement performed by the laser
radar device M4 to be “(X, Y, Z)=(20, -5, 5)”.

First, the calculation unit 1002 substitutes “(X, Y, Z)=(20,
-5,5)” indicated by the result F4 for the above expressions (2)
to (4) in order to calculate (X', ¥, z'), which is coordinates
obtained as a result of correction. Results of the calculation
are as follows.

x'=5-cos(=5)-sin(20)+1=2.70 [m]
y'=5-c0s(20)-sin(-5)+0.5=0.09 [m]

z'=5-cos(=5)-c0s(20)+1=5.68 [m]

The calculation unit 1002 then substitutes “(x', y', z')=
(2.70, 0.09, 5.68)”, which is the coordinates obtained as a
result of the correction, for the above expressions (5) to (7) in
order to calculate the absolute coordinates (dX, dY, dZ) of the
object. Results of the calculation are as follows.

dX=arctan(2.70/5.68)=25.42 [deg.]
dY=arctan(0.09/5.68)=0.91 [deg.]

dZ=5.68/{cos(25.42)c0s(0.91)}=6.29 [m]

When the forward direction of the vehicle V is assumed to
be 0 [deg.] and the angle is assumed to increase up to 360
[deg.] in clockwise rotation, for example, dX=270+
25.42=295.42 [deg.] (the absolute coordinates relative to the
center of the vehicle V are X=295.42 [deg.], Y=0.91 [deg.],
and 7=6.29 [m]).

The result Fi may include, instead of the distance Z, a time
at which a start signal has been received by the time measure-
ment circuit 416 and a time at which a stop signal has been
received by the time measurement circuit 416 or the time
difference AT. In this case, for example, the calculation unit
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1002 may calculate the distance Z to the object using the
above expression (1). The calculated coordinate position Li of
the object is, for example, associated with the result Fi and
stored in the memory 302.

The determination unit 1003 has a function of determining
whether or not the coordinate position i of an object
obtained from the result Fi of measurement of the overlap
region R, performed by the laser radar device Mi and a coor-
dinate position [j of an object identified from a result Fj of
measurement of the overlap region R,; performed by the laser
radar device Mj match.

More specifically, for example, the determination unit
1003 compares the coordinate positions Li and Ij of objects
obtained from the results Fi and Fj of measurement per-
formed by the laser radar devices Mi and Mj, respectively, at
the same time. The measurement time of the result Fi may be,
for example, identified from the time information included in
the result Fi.

When the laser radar devices Mi and Mj scan the same scan
range (the same horizontal angular range and the same verti-
cal angular range) at the same emission intervals, the deter-
mination unit 1003 may compare the results Fi and Fj them-
selves sequentially transmitted from the laser radar devices
Mi and Mj, respectively.

At this time, the determination unit 1003 may determine
that the coordinate positions Li and Lj of objects match when
the coordinate positions Li and [j of objects perfectly match.
Alternatively, the determination unit 1003 may determine
that the coordinate positions Li and Lj of objects match when
a difference between the coordinate positions i and [j of
objects is within a predetermined range.

Here, for example, “i” of the laser radar device Mi is
assumed to be “1”. In this case, for example, the determina-
tion unit 1003 refers to the device information table 800 (refer
to FIG. 8) and identifies the laser radar device M4 (j=4)
adjacent to the laser radar device M1. In addition, the deter-
mination unit 1003 refers to the device information table 800
and identifies the overlap region A (R, =A) between the laser
radar device M1 and the laser radar device M4.

Next, the determination unit 1003 refers to the overlap
region information 900-1 in the overlap region table 900 and
identifies the result F1 of measurement of the overlap region
A performed by the laser radar device M1. In addition, the
determination unit 1003 refers to the overlap region informa-
tion 900-1 in the overlap region table 900 and identifies the
result F4 of measurement of the overlap region A performed
by the laser radar device M4.

The determination unit 1003 then determines whether or
not the coordinate position [.1 of an object obtained from the
identified result F1 of measurement of the overlap region A
and the coordinate position [.4 of an object identified from the
result F4 of measurement of the overlap region A match. The
coordinate position Li of an object is, for example, the abso-
lute coordinates of an object calculated by the calculation unit
1002.

The detection unit 1004 has a function of detecting an
object existing in the overlap region R,; on the basis of a result
of a determination made by the determination unit 1003.
More specifically, for example, the detection unit 1004
detects an object existing in the overlap region R, when the
determination unit 1003 has determined that the coordinate
positions Li and Lj of objects match. On the other hand, when
it has been determined that the coordinate positions i and [j
of objects do not match, the detection unit 1004 determines
that the objects identified from the results Fi and Fj are erro-
neously detected objects.
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Alternatively, the detection unit 1004 may detect an object
existing in another region AR different from the overlap
region R,; on the basis of the result Fi of measurement of the
other region AR performed by the laser radar device Mi. More
specifically, for example, the detection unit 1004 detects an
object identified from the result Fi of measurement of the
other region AR.

The output unit 1005 has a function of outputting a result of
detection performed by the detection unit 1004. More spe-
cifically, for example, the output unit 1005 may output infor-
mation indicating that there is an object in the overlap region
R,; (for example, a region located ahead of a left part of the
vehicle V). Alternatively, the output unit 1005 may output
information indicating that there is an object in the other
region AR (for example, a region located to the left of the
vehicle V) different from the overlap region R,,.

In addition, the output unit 1005 may output the coordinate
position Li (absolute coordinates) of an object existing in the
overlap region R;. Alternatively, the output unit 1005 may
output the coordinate position Li (absolute coordinates) of an
object existing in the other region AR different from the
overlap region R,. In addition, the output unit 1005 may
create a three-dimensional image of space around the vehicle
V on the basis of the detected result, and output the three-
dimensional image to the display 320.

The control device 101 may, for example, receive setting
information regarding the laser radar device Mi through an
input operation performed by a user using an input apparatus,
which s not illustrated. Here, the setting information includes
information for scanning the scan range such that the scan
ranges of adjacent laser radar devices are scanned in opposite
directions (opposite phases) and timings at which the adja-
cent laser radar devices scan the overlap region match. More
specifically, for example, the setting information is informa-
tion indicating the scan range, the scanning direction, the
scanning speed, and the emission intervals of the laser radar
device Mi and the like.

In addition, the control device 101 may communicate with
the laser radar device Mi and set the scan range, the scanning
direction, the emission intervals, and the emission timings of
the laser radar device Mi and the like on the basis of the
received setting information regarding the laser radar device
Mi.

More specifically, for example, the same scan range (the
same horizontal angular range and the same vertical angular
range) and the same emission intervals are set to the laser
radar devices M1 to Mn. In addition, a scanning direction
opposite the scanning direction of the adjacent laser radar
device Mj is set to the laser radar device Mi. The emission
intervals are, for example, specified by the time intervals At or
the angular intervals AB.

That is, the control device 101 sets various pieces of scan
information to the laser radar device Mi such that the laser
radar devices M1 to Mn scan their respective scan ranges in
the same period. In the laser radar device Mi, the control unit
410 controls the light-emitting unit 420 in accordance with
the set pieces of scan information in order to perform scan-
ning using laser light.

Thus, the control device 101 may obtain results of mea-
surement performed by the laser radar devices M1 to Mn at
the same time by instructing the laser radar devices M1 to Mn
to perform scanning using laser light at the same timing.

When the horizontal angular range of the scan range is
different between adjacent laser radar devices, the time taken
to horizontally scan one line is different, and accordingly the
timing at which the overlap region is scanned is different. In
this case, for example, the control device 101 may adjust the
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emission intervals of the laser radar device Mj in accordance
with the laser radar device Mi that takes longer time to scan
one line.

For example, the horizontal angular range of the laser radar
device M1 is set to “~80 [deg.] to +80 [deg.]”, and the hori-
zontal angular range ofthe laser radar device M4 is set to “—60
[deg.] to +60 [deg.]”. The laser radar devices M1 and M4 are
assumed to emit laser light while horizontally moving by one
degree at intervals of 1 second.

That is, the laser radar device M1 takes 160 seconds to scan
one line, whereas the laser radar device M4 takes 120 seconds
to scan one line. In this case, for example, the control device
101 may match the periods in which the laser radar devices
M1 and M4 scan one line by adjusting the emission intervals
of the laser radar device M4 such that the laser radar device
M4 emits laser light while horizontally moving by one degree
at intervals of 4/3 seconds.

(Example of Determination Using Result of Measurement
for Each Frame)

Next, an example of a determination as to whether or not
the coordinate position Li of an object and the coordinate
position Lj of an object match using a result of measurement
for each frame performed by the laser radar device Mi will be
described.

FIG. 11 is a diagram illustrating an example of a determi-
nation using results of measurement for each frame. In FIG.
11, a result 1110 is a result of measurement for each frame
performed by the laser radar device Mi (front of the vehicle
V). A result 1120 is a result of measurement for each frame
performed by the laser radar device M4 (left of the vehicle V).

In FIG. 11, solid circles indicate results of measurement in
which positional information regarding an object has been
obtained. In FIG. 11, hollow circles indicate results of mea-
surement in which positional information regarding an object
has not been obtained. The results 1110 and 1120 are obtained
by the laser radar devices M1 and M4, respectively, in the
same period. Results of measurement included in a broken-
line frame 1130 indicate results of measurement of the over-
lap region A of the result 1110. Results of measurement
included in a broken-line frame 1140 indicate results of mea-
surement of the overlap region A of the result 1120.

In this case, for example, the determination unit 1003
determines whether or not the coordinate positions of objects
obtained from results pl, p2, p3, p4, p5, p6, p7, and p8
included in the broken-line frame 1130 and the coordinate
positions of objects obtained from results q1, q2, q3, q4, g5,
g6, q7, and g8 included in the broken-line frame 1140 match.

Now, assume that the coordinate position of an object
obtained from the result p1 and the coordinate position of an
object identified from the result q1 match. In this case, the
detection unit 1004 determines that there is an object at the
coordinate position obtained from the result p1 (result q1). In
addition, assume that the coordinate position of an object
obtained from the result p2 and the coordinate position of an
object identified from the result q2 match. In this case, the
detection unit 1004 determines that there is an object at the
coordinate position obtained from the result p2 (result q2).

In addition, assume that the coordinate position of an
object obtained from the result p3 and the coordinate position
of an object identified from the result q3 match. In this case,
the detection unit 1004 determines that there is an object at the
coordinate position obtained from the result p3 (result g3). In
addition, assume that the coordinate position of an object
obtained from the result p4 and the coordinate position of an
object identified from the result q4 match. In this case, the
detection unit 1004 determines that there is an object at the
coordinate position obtained from the result p4 (result q4).
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An actual object is not a point but has volume, and, for
example, recognized as having a shape according to an angle
and a distance between adjacent results. Therefore, in the
example illustrated in FIG. 11, objects OB1 and OB2 are
recognized in the result 1110, and objects OB3 and OB4 are
recognized in the result 1120. On the basis of the above-
described results, the objects OB1 and OB3 (actually a single
object) are determined as actually existing objects, and the
objects OB2 and OB4 are determined as erroneously detected
objects.

(Example of Objects in Three-Dimensional Space)

FIG. 12 is a diagram illustrating an example of objects
existing around the vehicle V. In FIG. 12, the objects OB1 to
OB4 existing around the vehicle V are indicated in a spatial
coordinate system 1200. As described above, the object OB1
(object OB3) is an actually existing object, and the objects
OB2 and OB4 are erroneously detected objects.

(Detection Processing Procedure Performed by Control
Device 101)

Next, a detection processing procedure performed by the
control device 101 according to the embodiment will be
descried. Here, the detection processing procedure performed
by the control device 101 that detects objects existing around
the vehicle V on the basis of a result of measurement for each
frame performed by the laser radar device Mi will be
described.

In the following description, a result of measurement for
each frame performed by the laser radar device Mi may be
referred to as a “result Fi”. In addition, a plurality of results
included in the result Fi may be referred to as “results Fi-1 to
Fi-K”, and an arbitrary one of the results Fi-1 to Fi-K may be
referred to as a “result Fi-k” (k=1, 2, . . ., or K).

FIG. 13 is a flowchart illustrating an example of the detec-
tion processing procedure performed by the control device
101. In the flowchart of FIG. 13, first, the control device 101
obtains results F1 to Fn for each frame from the laser radar
devices M1 to Mn, respectively (step S1301). Here, the
results F1 to Fn are results of measurement performed by the
laser radar devices M1 to Mn, respectively, in the same
period.

Next, the control device 101 calculates a coordinate posi-
tion Li-k of an object on the basis of a result Fi-k included in
the obtained result Fi and the mounted position of the laser
radar device Mi (step S1302). However, a result Fi-k indicat-
ing that no object has been detected is not used to calculate the
coordinate position of an object.

Next, the control device 101 determines of the laser
radar device Mi as “1” (step S1303), and selects the result Fi
of measurement performed by the laser radar device Mi
among the laser radar devices M1 to Mn (step S1304).

The control device 101 then refers to the device informa-
tion table 800 and identifies the laser radar device Mj adjacent
to the laser radar device Mi (step S1305). Next, the control
device 101 refers to the device information table 800 and
identifies the overlap region overlap region R, between the
laser radar device Mi and the laser radar device Mj (step
S1306).

The control device 101 then executes a process for deter-
mining an actually existing object (step S1307). A specific
processing procedure of the process for determining an actu-
ally existing object will be described later with reference to
FIG. 14. Next, the control device 101 increases “i” of the laser
radar device Mi by 1 (step S1308), and determines whether or
not “1” has become larger than “n” (step S1309).

If“i” is smaller than or equal to “n”” (NO in step S1309), the
control device 101 causes the procedure to return to step
S1304. On the other hand, if “i” is larger than “n” (YES in

173333
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S1309), the control device 101 outputs a result of detection
indicating the coordinate position of an actually existing
object (step S1310), and ends the procedure illustrated in the
flowchart.

FIG. 14 is a flowchart illustrating an example of a specific
processing procedure of the process for determining an actu-
ally existing object. In the flowchart of FIG. 14, first, the
control device 101 determines whether or not there is an
object in the overlap region R,; on the basis of the result Fi of
measurement performed by the laser radar device Mi (step
S1401).

Here, if there is no object in the overlap region R;; (NO in
step S1401), the control device 101 causes the process to
proceed to step S1407. On the other hand, if there is an object
in the overlap region R, (YES in step S1401), the control
device 101 selects a result Fi-k indicating positional informa-
tion regarding the object that has not been selected from
among results of measurement of the overlap region R,; in the
result Fi of measurement performed by the laser radar device
Mi (step S1402).

Next, the control device 101 determines whether or not
there is an object detected by the laser radar device Mj at a
coordinate position Li-k of the object obtained from the
selected result Fi-k on the basis of the result Fj of measure-
ment performed by the laser radar device Mj (step S1403).
The coordinate position Li-k of the object is the coordinate
position of the object calculated in step S1302 illustrated in
FIG. 13.

Here, if there is an object detected by the laser radar device
M;j (YES in step S1403), the control device 101 determines
that the object at the coordinate position Li-k as is an actually
existing object (step S1404), and causes the process to pro-
ceed to step S1406. On the other hand, if there is no object
detected by the laser radar device Mj (NO in step S1403), the
control device 101 determines that the object at the coordinate
position Li-k is an erroneously detected object (step S1405).

Next, whether or not there is a result indicating positional
information regarding an object that has not been selected
among the results of measurement of the overlap region R in
the result Fi of the measurement performed by the laser radar
device Mi is determined (step S1406). Here, if there is a result
that has not been selected (YES in step S1406), the control
device 101 causes the process to return to step S1402.

On the other hand, if there is no result that has not been
selected (NO in step S1406), the control device 101 deter-
mines whether or not there is an object in another region
different from the overlap region R ; on the basis of the result
Fi of the measurement performed by the laser radar device Mi
(step S1407).

Here, if there is an object in another region (YES in step
S1407), the control device 101 determines that the object in
the other region is an actually detected object (step S1408),
and causes the process to return to the step in which the
process for determining an actually existing object is initi-
ated. On the other hand, if there is no object in another region
(NO1in step S1407), the control device 101 causes the process
to return to the step in which the process for determining an
actually existing object is initiated.

Thus, objects existing around the vehicle V may be
detected while avoiding erroneous detection of an object in
the overlap region R, between the adjacent laser radar devices
Mi and Mj.

It a plurality of laser radar devices Mj adjacent to the laser
radar device Mi are detected in step S1305, for example, the
control device 101 executes the processing in steps S1306 and
S1307 for each laser radar device Mj. In addition, when the
process for determining an actually existing object has
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., the

already been executed for a certain overlap region R,
control device 101 may omit the process for determining an
actually existing object for the certain overlap region R;;.

As described above, according to the object detection
apparatus 100 according to the embodiment, the scan ranges
of the laser radar devices Mi and Mj may be scanned in
opposite directions such that the timings at which the laser
radar devices Mi and Mj scan the overlap region R, match.
Therefore, the laser radar devices Mi and Mj may intention-
ally detect objects erroneously detected by receiving reflected
light of laser light emitted from the adjacent laser radar
devices in the overlap region R,;.

In addition, according to the object detection apparatus
100, it is possible to determine whether or not the coordinate
position Fi of an object obtained from the result Fi of mea-
surement of the overlap region R, performed by the laser
radar device Mi and the coordinate position Fj of an object
obtained from the result Fj of measurement of the overlap
region R;; performed by the laser radar device Mj match.
According to the object detection apparatus 100, ifit is deter-
mined that the coordinate positions Fi and Fj of the objects
match, an object existing in the overlap region R,; may be
detected. Therefore, among objects existing in the overlap
region R,; detected by the laser radar devices Mi and Mj, an
object detected by both the laser radar devices Mi and Mj may
be determined as an actually existing object, and objects other
than the foregoing object may be determined as erroneously
detected objects.

In addition, according to the object detection apparatus
100, itis possible to detect an object existing in another region
different from the overlap region R;; on the basis of a result of
measurement of the other region different from the overlap
region R, performed by the laser radar device Mi. In addition,
according to the object detection apparatus 100, it is possible
to detect an object existing in another region different from
the overlap region R, on the basis of a result of measurement
of the other region different from the overlap region R;; per-
formed by the laser radar device Mj.

In addition, according to the object detection apparatus
100, it is possible to output the coordinate position of a
detected object in the overlap region R,; or the coordinate
position of a detected object in another region different from
the overlap region R,,. Therefore, for example, objects exist-
ing around the vehicle V may be displayed on the display 320
or the like in three dimensions, thereby supporting operation
and parking of the vehicle V.

Thus, according to the object detection apparatus 100,
erroneous detection of an object in the overlap region R,
caused when the laser radar device Mi or Mj receives reflected
light of laser light emitted from the other laser radar device
may be avoided, which improves the accuracy of detecting an
object existing around the vehicle V, a building, or the like.

The method for detecting an object described in the
embodiment may be realized by executing a prepared pro-
gram using a computer such as a personal computer or a work
station. The object detection program is recorded on a com-
puter-readable recording medium such as a hard disk, a flex-
ible disk, a compact disc read-only memory (CD-ROM), a
magneto-optical (MO) disk, or a digital versatile disc (DVD),
and executed when read from the recording medium using a
computer. The object detection program may be distributed
through a network such as the Internet.

In addition, the object detection apparatus 100 described in
the embodiment may be realized by an application-specific
integrated circuit (ASIC) such as a standard cell or a struc-
tured ASIC or programmable logic device (PLD) such as a
field-programmable gate array (FPGA).
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All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the principles of the invention and the concepts
contributed by the inventor to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions, nor does the organization of
such examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present invention have been described in
detail, it should be understood that the various changes, sub-
stitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:

1. An object detection apparatus, comprising:

afirst radar configured to measure first positional informa-
tion regarding a first object existing in a first scan range
on the basis of first reflected wave of first wave radiated
onto the first scan range including a first region;

a second radar configured to measure second positional
information regarding a second object existing in a sec-
ond scan range on the basis of second reflected wave of
second wave radiated onto the second scan range includ-
ing the first region and a second region, which is located
outside the first scan range, the second wave being radi-
ated in such a way as to scan the first region in a direction
opposite a direction in which the first radar radiates the
first wave at a timing at which the first radar scans the
first region; and

a processor configured to:

determine, when a first position relating to the first posi-
tional information and a second position relating to the
second positional information are included in the first
region, whether the first position and the second position
match, and

detect a third object existing in the first scan region when
the first position and the second position match.

2. The object detection apparatus according to claim 1,

wherein the first scan range includes a third region, which
is located outside the first region, and

wherein the processor detects fourth object existing in the
second region or the third region on the basis of a result
of measurement of the third region performed by the first
radar or a result of measurement of the second region
performed by the second radar.

3. The object detection apparatus according to claim 2,

wherein the processor outputs a position of the third object
existing in the first region or another position of the
fourth object existing in the second region or the third
region.

4. The object detection apparatus according to claim 1,

wherein the processor calculates the first position on the
basis of a first mounted position of the first radar and a
result of measurement of the first region performed by
the first radar, and

wherein the processor calculates the second position on the
basis of a second mounted position of the second radar
and aresult of measurement of the first region performed
by the second radar.

5. A method for detecting an object executed by a com-

puter, the method comprising:

obtaining a first result of measurement from a first radar
that measures first positional information regarding a
first object existing in a first scan range on the basis of
first reflected wave of first wave radiated onto the first
scan range;

obtaining a second result of measurement from a second
radar that measures second positional information
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regarding a second object existing in a second scan range
on the basis of second reflected wave of second wave
radiated onto the second scan range including a first
region, which is located inside in the first scan range, and
a second region, which is located outside the first scan
range, the second wave being radiated in such a way as
to scan the first region in a direction opposite a direction
in which the first radar radiates the first wave at a timing
at which the first radar scans the first region;

determining, when a first position relating to the first posi-
tional information and a second position relating to the
second positional information are included in the first
region, whether the first position and the second position
match; and

detecting a third object existing in the first scan region
when the first position and the second position match.

6. The method according to claim 5,

wherein the first scan range includes a third region, which
is located outside the first region, and

the method further comprising:

detecting fourth object existing in the second region or the
third region on the basis of a result of measurement of
the third region performed by the first radar or a result of
measurement of the second region performed by the
second radar.

7. The method according to claim 6, further comprising:

outputting a position of the third object existing in the first
region or another position of the fourth object existing in
the second region or the third region.

8. The method according to claim 5,

wherein the determining calculates the first position on the
basis of a first mounted position of the first radar and a
result of measurement of the first region performed by
the first radar, and calculates the second position on the
basis of a second mounted position of the second radar
and aresult of measurement of the first region performed
by the second radar.

9. The A computer-readable recording medium storing a

program for causing a computer to execute a procedure for
detecting an object, the procedure comprising:

obtaining a first result of measurement from a first radar
that measures first positional information regarding a
first object existing in a first scan range on the basis of
first reflected wave of first wave radiated onto the first
scan range;

obtaining a second result of measurement from a second
radar that measures second positional information
regarding a second object existing in a second scan range
on the basis of second reflected wave of second wave
radiated onto the second scan range including a first
region, which is located inside in the first scan range, and
a second region, which is located outside the first scan
range, the second wave being radiated in such a way as
to scan the first region in a direction opposite a direction
in which the first radar radiates the first wave at a timing
at which the first radar scans the first region;

determining, when a first position relating to the first posi-
tional information and a second position relating to the
second positional information are included in the first
region, whether the first position and the second position
match; and

detecting a third object existing in the first scan region
when the first position and the second position match.

10. The computer-readable recording medium according to

65 claim 9,

wherein the first scan range includes a third region, which
is located outside the first region, and
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the method further comprising:

detecting a fourth object existing in the second region or
the third region on the basis of a result of measurement
of'the third region performed by the first radar or a result
of measurement of the second region performed by the
second radar.

11. The computer-readable recording medium according to

claim 10, the procedure further comprising:

outputting a position of the third object existing in the first
region or another position of the fourth object existing in
the second region or the third region.

12. The computer-readable recording medium according to

claim 9,

wherein the determining calculates the first position on the
basis of a first mounted position of the first radar and a
result of measurement of the first region performed by
the first radar, and calculates the second position on the
basis of a second mounted position of the second radar
and aresult of measurement of the first region performed
by the second radar.
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